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ABSTRACT 



A Stylet unit suitable for stifiFening a hoUow electrode cable, 
sudi as during the introduction and the andioring of a 
medical electrode cable in the human body, includes a 
combination of a pair of flexible, coaxially arranged stylet 
elements, i.e.. a tubular stylet sleeve and an internal stylet 
^ which can be inserted into a diannel in the sleeve and whose 
\ end section is pre-bent to one side. Both the stylet sleeve 
'"channel and moving inner stylet contained therein have 
sections or segments with non-circular cross-sections, the 
profile of the stylet's non-circular cross-section, in relation 
to the profile of the sleeve channers non-circular cross- 
section, preventing die stylet from rotating in relation to the 
sunouoding sleeve, at least within the parts of the sleeve in 
whidi both the stylet and the sleeve channel have interacting 
non-circular cross-sections. The stylet sleeve also has a 
distal end section which is pre-bent in a first lateral direction 
in relation to the stylet unit, and the inner stylet* s distal end 
section is pre-t)ent in the diametrically opposite lateral 
direction. The rotation-preventing non-circular cross- 
sections ensure diat the oppositely pre-bent stylet and sleeve 
portions remain in the same plane, so the forces respectively 
produced by each substantially cancel, thereby facilitating 
relative movement of the stylet in the sleeve. 

20 Claims, 5 Dra^vhig Sheets 
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STYLET UNIT FOR IMPLANTING A 
MEDICAL ELECTRODE CABLE 

BACKGROUND OF THE INVENTION 

1. Field of the lovcDtioD ^ 
The present inventioii relates to a stylet unit, whid) can be 

inserted into an elongate means with an internal longitudinal 
channel such as an electrode cable for a heart stimulator, a 
coronary catheter or some other kind of hollow, oblong 
instrument, io order to stiffen the elongate means and to 
bend a distal end section thereof, the stylet unit including a 
flexible. Uibular stylet sleeve and an ixmer stylet, whidi can 
be Inserted into the sleeve, channel, with a distal end section 
pre-bent to one side. 

An elongate channel-equipped means of the aforemen- 15 
tioned kind can e.g. be a tubular conductor used for achiev- 
ing stimulation inside the human body. The channel- 
equipped nteans can either serve as the implant or be 
removed from the body after treatment is oooduded. 

2. Description of the Prior Ait 20 
A stylet unit of the above general type is eqicdaUy 

suitable for stiffening and maneuvering a hollow electrode 
cable for a heait stimulator, in conjunction with introduction 
of the electrode cable into a patient's heart and for ancfaor- 
ing the contact electrode (electrode head) on die distal end 25 
of the cable in a cavity in the heart ^Introduction oi such an 
electrode cable into the heart is usually performed through 
a suitable vein, and the contact electrode can be anchored in 
the right ventricle or atrium. The stylet unit temporarily 
contained inside the hollow electrode cable attends throu^ 30 
the cable *s central channel &om the cable's proximal end 
(which is subsequently connected to the heart stimulator) to 
its distal end on which the contact electrode is located. 

Especially in the anchoring of a contact electrode in the 
heart's atrium, a stylet unit is appropriately used with which 35 
the distal end section of the electrode cable can be given a 
suitable I shape, simplifying introduction of the end section 
into the atrial auricle and ancbcring of the contact electrode 
in the trabeculae of the atrial auricle. After die contact 
electrode has been anchored at the desired site in die heart 40 
the stylet is withdrawn from the electrode cable. 

U.S. Pat No. 5470,7S7 describes and shows (see FIG. 2 
in tfie patent document) a stylet unit with a d<Mible stylet 
combination consisting of a flexible, tubular stylet sleeve 
holding an inner styl^ which is moveable in the sleeve's 4S 
central channel. At the proximal end of this known stylet 
unit, there is an operating handle with which the sleeve and 
inner stylet can be moved in relation to each other to retract 
the stylet's pre-bent distal end section into the distal end 
section of the surrounding sleeve, or to deploy the pre-beot so 
distal end section outside the opening of the sleeve's end 
section into the central channel of the distal end section of 
the surrounding electrode cable, thaeby imparting the 
desired bent shape to the end of the cable. 

U.S. Fat No. 4,136,703 describes and shows another ^ 
example of a stylet unit, devised as a double stylet 
combination, for ao electrode cable, containing an inner 
stylet with a pre-bent distal end section. These known types 
of stylet units, devised as double stylet conibinatioDS, do not 
ensure tbax the stylet unit (and, accordingly, tfie surrounding ^ 
electrode caUe) is coni^letely straight when the inner 
stylet's pre-bent distal end section is fully retracted inside 
the stylet sleeve. 

SUMMARY OF THE INVENTION ^ 
An object of the present invention is to provide a stylet 
unit devised to form a completely straight double stylet 
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combination when the inner stylet (whose distal end section 
is pre-bent to one side) has been retracted into the stylet 
sleeve to an extent that the distal end section of the stylet is 
also inside the stylet sleeve. When this js-c-bent end section 
is d^loyed outside the opening of the sleeve, it bends 
the corresponding section of the surrounding channel- 
equipped means which (as noted above) can be a hollow 
cal^e, a catheter or some other elongate instrument display- 
ing flexural stiffness. 

Another object of the inesent invention is to provide a 
styl^ unit in which the stylet sleeve channel and the moving 
inner stylet therein are devised so the stylet is kept &om 
rotating in relation to the surrounding sleeve within at least 
a l(»igitudinal section and/or in the area of at least a local 
section of the sleeve channel, at least at a given axial 
position for the stylet in relation to the stylet sleeve. 

An additional object of flie present invention is to provide 
a stylet unit whidi is designed so the stiucture which 
prevents undesiiable rotation of the stylet in relation to the 
surrounding stylet sleeve do not cause excessively high 
contact pressure and. accordingly, docs not produce a oper- 
ating force which increases friction between the stylet and 
the interior of die sleeve channel. 

Another objea is to provide a stylet unit which is devised 
so that two or more longitudinal sections of the stylet inside 
the stylet sleeve's central channel are prevented from rotat- 
ing in relation to the stylet sleeve, thereby making the stylet 
unit reliably maneuverable from the unit's proximal end. 

Yet another object is to provide a stylet unit which 
displays a very pronounced J shape when die inner stylet's 
distal end section has been fully d^loyed outside the 
opening of the stylet sleeve. 

The above object is achieved in accordance with the 
{Brindples of the present invention in a stylet imit insertable 
into a channel in an elongated element such as a medical 
electrode cable, the stylet unit including a double stylet 
combiDation formed by a flexible, tubular stylet sleeve and 
an inner stylet insertable into a channel in the stylet sleeve. 
The stylet has a distal end section which is pre-bent in a 
jtoe, and the stylet sleeve and the stylet each have at least 
one longitudinal section with a non-circular cross-section, 
the non-circular cross-sections of the sleeve and the stylet 
being matched in shape so as to prevent rotation of the stylet 
in the channel of the sleeve. 

Thus, the most distinctive feature of the stylet unit acccxd- 
ing to tiie invention is that the stylet sleeve has at least one 
longitudinal section or segment within which the sleeve 
diannel has a non-drcular cross- section, and the iimer stylet 
which can move inside tiie stylet sleeve, has at least one 
longitudinal section with a non-circular cross-section, and 
the profile of the stylet's non-circular cross-section, in 
relation to the profile of the sleeve's non-drcular channel 
aoss- section, so tiiat the stylet is prevented from rotating in 
relation to the surrounding sleeve in the areas of the sleeve 
in which the stylet and the stylet channel have interacting 
non-circular cross-sections. 

Within the $c<^ of the invention in its aforementioned 
general form, a number of different combinations of inter- 
acting parts and/or areas with non-circular aoss-sections for 
the stylet sleeve channel and the styl^ insertable into same 
are also possible. 

The stylet sleeve, for example, could have a first longi- 
tudinal section in which the channel has a circular cross- 
section and a subsequent second longitudinal section in 
which the channel has a non-circular cross-section, with the 
inner moving stylet, which can be inserted into the stylet 
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sleeve« having a Doo-circular cross-section for most d its dimensions of the inner stylet and its surrounding stylet 

length. la an alternative embodiment, the stylet sleeve sleeve and the dimensional rdationsh^ of the styl^slecve 

channel can have a Don-drcular cross-section over most of respectively. 

the length of the sleeve, while the inner stylet has a first The stylet unit's dimensi(ms and flexibility are governed 

longitudinal section with a non-circular cross-section, a s by the flexibility needed for the unit to be able to follow the 

subsequent second longitudinal section with a circular cross- physiological and anatomical limitations enoouotered during 

section and, finally, a third longitudinal section with a the introduction of an electrode cable or catheter into ttte 

Don-ctrcular cross-section. human body, but the diameter of the inner stylet nuist not be 

From the manufacturing point of view, however, it would too small, and the stylet (with its exposed, prc-l>ent distal 

be preferable for both Che stylet diannel and the moveable lo end section) must stUl be c^ble of bending the hollow 

inner stylet to have a oon-circular cross-section over most of cable or catheter in which it is enclosed. A stylet diameter, 

their lengths, preventing the stylel from rotating, in relation for example, on the order of 0.20-0.2S mm wiOi an extenal 

to the surrounding sleeve, over all of its length. sleeve diameter, for example, on the order of 030-0.45 m 

The stylet sleeve can apjaupriaiely have a distal end are appropriate for the inner stylet and assodated styl« 

sectionwhichispre^ntinafirstlateraldirectioninreUtion sleeve (Le. a stylet unit designed f« an electrode cable), 

to the stylet unit, whereas the distal end section cf the inner The inner stylet's non-drcular profile is appropriately the 

stylet is pre>bent in the diametrically c^iposite direction. same as the CQoresponding, interacting non-circulating 

In other words, it is in^Katant for both Ihe stylet and cross-sectional profile of the stylet channel, and the play, or 

surrounding stylet sleeve channel to have the same interact- tolarancc, between these inlaacting components should 

ingnon^circularcross-sectlonalsh^, at least within one or ^ apiffopriately amount to at least 0.O2 mm to ensure that 

more interacting segments, areas « sections. The respective relative movemcat between the inner stylet and the sur- 

pre-bent end sections of the stylet and sleeve are then rounding sleeve can take place without problem and with 

preferably located on the same plane on which the midline reasonable friction resistance, 

of the stylet sleeve channel is also located. A number of different non-circular cross-sectional profiJes 

Astylctunitconstructedinacccrdancewiththeprindidcs " are possible for the respective interacting sccticms, areas or 

of the present invention ensures that the outward, lateral segments <^ Ae inner stylet and sleeve channel. Oval, 

bending of the stylet sleeve, caused by the inner stylet's elliptical ox polygonal shapes, preferably with somewhat 

pre-bent distal end section when retracted into the sleeve, is rounded oMTiers, arc examples. 

coii^nsatcd for and cancelled by the lateral outwa-d ^ Witfi a stylet unit according to the invention, the distal end 

bending, produced by the stylet sleeve's own pre-bent distal section of the stylet unit can be made to di^lay e.g. a 

end section, in the diametrically opposite direction. In this U-sh^)ed ot J-shaped bend when the stylet's pre-bent end 

manner, the stylet unit can be made to display a straight section is fully dq)loyed outside the s^let sleeve's corre- 

distal end section when the end section of ttie inner stylet is spending distal end section. 

fully retracted into the end section of the sleeve. 3, The invention also inckides an elongate, tubular means 

To ensure that both lateral outward bends (ie. the bend of sudi as a hollow electrode cable with an interior stylet unit 

the inner stylet and the sleeve's own preset outward bend) of the kind died above. When the stylet unit has been 

are in the same plane, thereby completely canceling out each inserted as far as possiUe into the electrode cable' s channel 

other, there must be no internal rotation between the inner and the inner stylet's distal end section is exposed and 

stylet and surrounding sleeve in the bent area. Any such ^ deployed outside tiie styl^ sleeve's distal end section, the 

rotation between die stylet and sleeve would cause the bent distal end section of the ^ectrode cable plus the straight 

pfc-bcnt distal end section of the inner stylet to produce part of the cable assume a fish book-like J sh^. The 

uncontrolled lateral outward bending or unpredictable bendr electrode cable's distal end section is equipped with a 

ing of the sunounding sleeve. The respective interacting, contact electrode running substantially parallel to die 

non-circular cross-sections of ttie stylet and sleeve according 43 straight part of the cable towards the cable* s proximal end, 

to the invention f^veat any such uncontrolled bending and which is designed for connecdon to a heart stimulator or 

ensure "stable" interaction between because the stylet auto- pacemaker after the electrode cable has been introduced Into 

matically assumes a stable position conesponding to its a patient's heart and the contact electrode has been 

lowest energy state. anchored in a cavity of the heart and the stylet unit has been 

Each of the distal end section of the stylet sleeve and tiic 50 withdrawn from the electrode cable, 

distal end section of the stylet are aRffopriately pre-bent DESCRIPTION OF THE DRAWINGS 

with an approximately constant bending radius, the stylet's ^ ^ - ^ 1 ^^,ui- 

bending iidius, however, being much smaller than the ^0. 1 shows a sdiematic view of a ^own double stylet 

sleeved bending radius. TTk slcive's pie-bent end section f^"**^'^^" ^^^^l^ ^« '^^"^^ '^^S ^ 

can appropriately cover an angle less than 90\ preferably 33 ^^TTt ^ u ^. . * ^ . . v «• 

not lire ttian 450. The stylet's pre-bent end section can HG. 2 shows a first enibodmiem of a stylet umt according 

have a curve length conesponding to a complete bending totheinvention with a pre-bent distal end secticMi which has 

turn, causing the pre-bent end section to assume the shape of not yet been retracted into die stylet sleeve 

a dosed loop. FKj. 3 shows a stylet unit according to FIG. 2 with a stylet 

With an ^jpropiiatc choice of curvature radii, oavc eo ^nd section retracted into the stylet sleeve, 

lengths and flcxural stiffnesses for the respective pie-bcnt HG. 4 shows the stylel unit's inner stylet according to 

end sections of the stylet and the stylet unit can be kept FIGS. 2-3. 

con^letcly straight when the stylet's pre-bent end section is FIG. 5 shows the stylet unif s stylet sleeve according to 

completely retracted into the sleeve's distal end sectioiL FIGS. 2-3. 

One of the inherent difficulties, especially when a stylet 63 FIG. 6 shows a hollow electrode cable with an inserted 

unit for medical purposes is involved, is to master the special stylet unit with a distal stylet end section deployed outside 

construction and strength problems posed by the very small the stylet sleeve. 
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FIGS. 7fl, 7h, 7c, Id and le respectively show examples diameter is somewhat larger than the diameter of the stylet 

of possible cross- sections of a stylet unit according to the sleeve 4 channel, to keep die distal end 16 of the stylet 6 

invention t)cing inadvertently retracted into the sleeve 4. The risk 

FIGS. 811 and respectively show an end section of a penetration of Ae smroundmg electrxxle cable waU by the 

known stylet unit with me inni stylet unites pre-bent end 5 ^ also minumzed tiiaeby. 

^- • *u J 1 ^ A •♦i A' A. ^4 *^A As a result of the relative movement of the stylet 6 and 

secUonin Acdeptoyed^c^posed ^^^^ ^ ^^^^^.^ ^^^^ ^^^^ ,g ^^^^^^ 

posmoo, inside the sleeve retracted into the sleeve 4 or deployed more cs less in 

FIGS. 9a and 9i» restively show tJie distal end section position shown in the HO. 1, at which the entire distal 

of a stylet unit according to the invention with the pre-bcnt g^jj section 18 of the stylet 6 projects beyond the distal end 

distal end section of the inner stylet in the deployed* exposed iq the sleeve 4. 

position and in the retracted position inside the sleeve. ^ ^^^^^ u^^t a conventional double stylet 

FIG. 10 is a schematic view showing the way an electrode combination, in which both the stylet 6 and the channel of 

cable, with an inserted stylet unit may bend while being the sleeve 4 have a circular cross-section, retraction of the 

advanced to a patient's heart pre-bent distal end sectiwi 18 of the stylet 6 into the strai^t 

FIG. 11 shows an example of a stylet sleeve of a second stylet sleeve 4 (see FIG. 8<3) causes the corresponding end 

embodimem of a stylet unit according to the invention. section of the sleeve 4 to bend outwardly to one side (see 

FIG, 12 shows an inner stylet designed to be movable FIG- ^) because of the pre-tcnsioning force arising in the 

ananged inside die stylet sleeve shown in PIG, 11. sleeve (when the stylet is retracted into the sleeve), thareby 

na 13 shows an example of a stylet sleeve of a third 20 fordng «he stylcteod section 18to straighten, 

embodiment of a stylet^nU according to the invention. , " first embodiment of a controUable 

. ^,^j.^*u ui double styld imil 22. according to the mvenUon. which has 

FIG, 14 shows an inner stylet designed to be movably ^ ^^j/^ 24 and an inner stylet 26 

ananged mside the stylet sleeve shown m FIG. 13. movingly arranged inside the sleeve channel. The stylet 

FIG. \Sa schematically depicts a first stage in the fabri- sleeve 24 has a distal end section or segment 28 and a 

cation of a stylet of the kind shown in FIG. 14. projumal end section 30. The end section 30 is attached to 

FIG. 15^ depicts a second stage in the fabrication of the a support tube 32 which makes possible coaxial movement 

stylet according to HG. 14. of die stylet 26 and sleeve 24. The parts of tiie internal stylet 

FIG. ISc depicts a third stage in the fabrication of a stylet 26 which protrude out of the pre-bent end section 28 of the 

aco^rding to FIG. 14. 30 sleeve 14, and out of the end <^ the holder tube 32, facing 

FIG. IS^dqjicts a fourtii and final stage in the fabrication away from the end section 30, have been hidicsted with a 

of a stylet according to FIG. 14. dashed outline fac clarity. As HG. 2 shows, the inner stylet 

HG. 16 is a side view, partly broken away, of a first 26 has a straight proximal end s«:tion outside the support 

vcnion of a fourth embodiment of a stylet unit according to tube 32 and a distal end se^on 18, focimng a arailar loop 

the invention 33 18, outside the opening of the sleeve end section 28. At the 

vtn IT .lA^ .mv^, ««+f« v««ir^n o .^^H tm of its pre-bent end section 18, the stylet 26 has a small 

FIG. 17 is a side view, partly broken away, oi a second ^ . , . . ^ . ' . 1* „.ts«u ^<.„«.«*. 

, X u J- * * 4- 1 * ^ J* end element in me ronn of a stop ball 20, which prevents 

version of the fourth embodiment of a stylet unit accordmg . , , ^ ^ ^ . ^ ^JTtL^* io 

... ' * inadvertent retraction of the pre-bent end section 18 too far 

i^^T-. . * , . * ... into tiie end section 28 oftiie sleeve 24 as weU as preventing 

KG. 18 IS a side view of an inner ^et for use in eito Oration of the smrounding elecirode cable wall by the 

of me stylet sleeves of HO. 16 or FIG. 17 in the fourth ^ ^^j^ 26 

embodiment of a stylet unit according to the invention. ^ ^^^^ ^^^^^ 22 with die stylet end 

FIG. 19 is an enlarged view of the regioo R of HG. 18. ^^^^ 28 protniding out of the sleeve 24. HG. 3 shows the 

DESCRIPnON OF THE PREFERRED '^^^ ^ ®^ ^ axially retracted the 

EMBODIMENTS stroke distance L out of tiie support tube 32 and sleeve 24. 

The circular, pre-bent end section 18 of the stylet 26 has 

FIG. 1 schematically shows a known stylet unit 2 which accordingly been fiilly retracted into die end section of the 

is a double stylet design consisting of a flexible, tubular sleeve 28 so the end stop ball 20 is at the opening of the end 

stylet sleeve 4 and an inner stylet 6 arranged to move freely section 28. In practice, retraction of die end section 18 into 

inside the channel in the sleeve 4. The stylet sleeve 4 has a 50 the sleeve section 28 is achieved when the stylet sleeve 24 

proximal end 8 and a distal end 10, and tiie stylet 6, which over the stylet end section 18. Since the distal end 

has a proximal end 14 and a distal end 16, can be moved section 28 of the sleeve 24 is pre-bent in a direction c^posite 

back and forth inside tiic sleeve 4 in the axial direction 12 to the bend of the stylet end section 18, retraction of the 

of the sleeve 4. Relative movement between the tubular stylet end section 18 into the sleeve section 28 causes both 

sleeve 4 and the inner stylet 6 is usually achieved with a 55 pre-bends to cancel each odier, enabling die stylet unit 22 to 

manipulation and holder (not shown) at the proximal end 8 assume the straight configuration shown in FIG. 3. Thus, the 

of the sleeve 4. Hctc. a holder could be attached to the stylet •'j»e-tensioning force", which the stylet end section 18 

sleeve 4, and a gripping clement (handle) could be attached generates in die sleeve end section 28 when the stylet 26 is 

to the stylet 6, making it possible to move the stylet in retracted into the end section 28, counteracts and cancels the 

relation to die sleeve when the holder is kept stationary. ^ bending of die end section 28 of tiic sleeve 24 in the opposite 

The relative movement of the inner stylet and the sur- direction. For the two bending effects, exerted by the prc- 

rounding sleeve could, of course, also be achieved by bent end section 28 of the sleeve 24 and the pre-bent end 

keeinng the stylet 6 stationary and moving the sleeve 4. section 18 of tiie stylet 26, to cancel each other, they must 

In the area preceding its distal end 16, the inner stylet 6 act in opposite directions in the same plane, in this instance 

has a pce-bent distal end section 18 shq)ed like a semicircle. M in Uie plane shown in FIG. 2. This requires die inner stylet 

Ihe distal end 16 of the stylet 6 is also equipped widi a small to be kept from rotating in relation to die suiroiuiduig stylet 

end ball 20 (see magnified view in the drde S), whose sleeve 24. This rotation-prevention is achieved by providing 
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eacb of the srylec sleeve 24 and the stylet 26 insertable circular aoss-scctions can have identical cross-sections and 

tfaerdD with a Don-circular cxoss-sectioiL Id other words, the be devised e.g. as coDcentric ovals* ellipses or regular 

cross-sectioDal pro^c of die stylet Z6 must be such that the polygons with rouoded comers. The stylet sleeve 24 can 

stylet 26 is incapable of rotating in the cfaanoel of the sleeve even have a dicular-cylindiical exterior, i.e., it can have a 

24. For the inner stylet 26 to be able to perform the desired 5 completely circular cxoss-secttonal profile for its extericMr. as 

coaxial movement inside the stylet sleeve 24, some tolcr- shown in FIG. 7e. 

ancc or radial pUy must be left b^ecn the «^^s^oiis . ^ ^^^^ ^^^^^ ^ ^ 

of the mner stylet 24 and thesty^ channel. In jpactioe it ^ent end s^on 18 of the stylet 26 has the circular loop 

may be appropriate (as ."^^^ f*;^^ ^ shown in HGS. 2 and 4, but the curve length of 

example suited of va^^^^ ,0 endVection can also be limited to an angle k« 

stylet 26 and its assoc^ stylet sleeve 24) for 4^ s^ 26 ^ ^^^^^^ 

aodskevechanneltobedimensionedsora^^ Sc distal end section 18 to have a U-shaped or J-shapcd 

them mounts to at leas^ bend when the end section 18 is deployed outside the stylet 

FIGS, 7fl, 7b. 7c, 7d and 7e schematically dq)jct some sleeve 

examples of cross-sectional shapes for interacting parts ^ ' - ^ ^ • • « j • j 

(lonS«iinalsegmeitts,areas«lo^sections)J.e.theiimer " , T^tJ^^*"^**^ ^"^^^ 

styl« 26 plus iTsurrounding stylet sleeve, the greatly f or intioilucnon an electtode «^ 3^^^ teou^- 

«Uggenite4 pUy between them beiig derigoated 6 JMh the <»« .le."8*; « '"iT^ ^ 

inii« stylet 26 and the sumwndJn| styto sleeve 24 are "msmitting elecftu^ ^"^^ 

approprtotely made of metal, piefaably sted. Both the ^ l^'^^.'^'T^^:^ J'L'I^^ ^ 'TZ 

SS«^eve 24 and the inner s^^let 26 aJe flexible, but the the<hstal«dof ftedecdxrfe«bk34.^^ 

steevi's momeot of in««U (cJculated « its surface) is dectrode cjAle 34 vath an mseited infexnal stylet unit 22 

■eater than that of the inner stylet 26, due to the pnsvailing ^ ^o"" ™- *^ "^^ ^ t^"'*^ °, 

i^ometry. so retracting the s^let end section ISkto the '^J'^'^'^'^^ ^ 

Lx^e.dseetlon28hastheeffectwhichisappa.emupon ^ M to have the straight shape shov^ in n(^^. The 

oonipvison between HO. 2 and HG. 3. THe fl^ stiff- " 22 f ^f^""" 

neZof the sleeve 24 and inner stylet 26 can and should be 34 in order to sdffen the cabk 34 dj^g advancement 

adapted to the inatalaKs) sdect^ far these stylet unit through a suitaWe vem to the heart In ^ mfrodurtton mto 

ra^nents. V^^&vt i«.bcnt end sccti^ <rf the andancbormgo^Aej^Uct d«»«te36^ 

sle^24«id the stytoMsh^ therefore have curvature e.g the heart's light ainum. the stylet umt 22 is aUous^^^ 

radU. curve lengd^s and ilexural stiffnesses so the achieve an w«'piate curvature for the end se^^^ 

sttaiditening. bacLard be»ling of the stylet sleeve 24. f«ble 34. where die contart dectrole 36 is located. This 

3bythestylet26. «.dthe,Lbcndingof the sieeve24 ^'^'^ f*ionof the able 34 ^achieved when 

caned eLh otha when Ifae stySTs pre-blnt end section is *e shape of tb. stylet ^t ^ eh^ 'Th.^'^S'I 

retracted into the distal end section 28 of the sleeve 24. 35 oo^Uon shown mraO. 3 to the shape m whidi^^ 

PIGS. 9a and 9b show sdKmalic and greatly euggented 'tylf 24 and tte mner stylet 26 have bent eiid 

view, of the the prc^^nding of tte Xykt 26 ud the '"^^"'^ftj^^r"^^?^- 1 ^TJ^ t^L'^L^^ 

sleeve 24is devfaed to adueve the desired straight configu- Z^Z !^.1L^ ^1^ 

,ationfortheendsectioDstyldunit22endsectioii.asshow« «yl« 26 is mcapable of bcndmg the ete<*ode cabk34 

• urn 9h into a loop, and wstead gives die distal end of the dectrode 

f" ^. .. ^ -^1 ^ cable 34 a fish hook-like shape, as shown in no. 6. The 

26 and ae shape c# die sq»rate stylet deeve 24 brfore the essentiaUy paralld to the straight 

Stylet M IS insated mto d« deeve to adu«re fte s^^ « toward'^.heproximal end of Se 

22 configuratioD shown in FIG. 2. Flu. 4 shows that the _ 

distal end section 18 of the inner stylet 26 is pre-bcnt witfi 45 ^ _ , . ^. * 
a constant bending radius pl8 which is far smaUcr than the Rcfemng to HGS. 10-15, the styl^ umt 22 accordmg to 
bending radius p28 of the prcbent end section 28 of the the invention wiU now be exemplified with several altOTa- 
stylet deeve 24 shown in HO. 5. Thus, the end section 28 tivc embodiments in which the stylet sleeve channel and the 
also has a constant bending radius and, in die illustrated associated Inner stylet 26 do not have a non-circulff cross- 
instance, a curve length <t>^ corresponding to an angle on 50 sections along the entire length of the stylet umt 22. 
the order of about 40**. Since the inner stylet's pro-bent end The background of these altCTBtive embodiments is as 
section 18 in FIG. 4 has the shape of a closed loop, the curve follows: 

lengdi in this instance obviously corre^nds to more than iq the use of a stylet unit 22 in which both the stylet sleeve 

360^. channel and its associated, moving inner stylet 26 do not 

As FIG. 4 shows, the pre-bcnt end section 18 of the stylet ss have a non-dicular cross-sectioD along the entire length of 

26, after a curved length 4>,i.^ changes into a straight. the stylet unit 22, certain problems can develop because of 

concluding end section with the ball 20 attached to its free increased friction between the stylet 26 and stylet sleeve 

end. This straight end section has a lengith 1 whose magni- channel, especially in instances in which iht entire stylet 
tude is selected with a view to, e.g.. current requirements and unit 22 is subjected to extensive bending. When a hollow 
anatomical conditions in the body cavity in which the bent 60 electrode cable, widi an inserted stylet unit 22, is to be 

electrode caMe, manipulated by the end section 18, is to be. introduced into the heart via the venous system, different 
anchored. The straight end section typically has a length parts <s sections of the electrode cable will be bent to 
ranging from 5 to 20 nun to facilitate electrode different degrees, as can be seen in the schematic diction 
maneuvering, however, much longer stylet end sections can in FIG. 10, whidi shows an electrode cable 50 with an 

be used in other stylet imit applications. 65 hand-operated guide 52 fcr die stylet unit inserted into the 

As FIGS. 7o, 7b, 7c and 7d show, the interacting parts or electrode cable. The guide 52 is located at the i^oximal end 
segments of fte stylet 26 and sleeve channd with non- of the electrode cable 50. Movement of the inner stylet 26 
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of the stylet unit 22 (not shown here) in relation to its have a noo-drcuiar cross^sectioa svith the dimensions 0.19 

sinrounding stylet sleeve 24 is performed by maiiual move- mmxO.30 mm The finished stylet is then cut off at points 

meat of a sleeve part 54 of the guide 52 in relation to a SI — SI and S2 — S2 respectively, 

tubular part 56 of the guide 52. A practical problem caused According to FIG. ISd. the distal end of the stylet 70 

by the increased friction oocuning in the bending of the 5 maH^ this way is equipped with a small end ball 20. and« 

cable SO is that the use of excessive force may be necessary finally, the distal end section 76 of the stylet is given its 

in ordo" to operate the guide 52. circular loop shape, as shown in FIG. 14. 

The increase in frictioo in the stylet unit 22 is because of FIGS. 16 and 17 respectively show different versions of 

elevated contact pressure between the stylet 26 and interior a sleeve 80 for a fourth embodiment of the inventive 

of the sleeve channel when the stylet buckles inside the 10 stylet unit Each sleeve SO has a section 81 with a circular 

stylet sleeve 24 and because of other firiction phenomena. cross-section. The sleeve 80 in FIG. 16 has a distal end 

The buckling phenomenon can be avoided, however, by section 82 with a ooo-drcular cross-section which extends 

providing the stylet sleeve channel and the stylet 26 with a along the entire leng:tfa of the distal end section 82. In the 

rotation symmetrical cross- section instead of a non- veisionof FIG. 17. the sleeve 80 has a distal end section 87 

symmetrical (non-drcular) cross-section at the pokts at is a non-ciicular cross-section, the non-ciicular cross- 

whidi the electrode cable 50 must be bent. section of the distal end section 82 being formed by ^>aoed 

This can be achieved In general when the stylet sleeve apart longiudinal sections 88 and 90. 

channel or the internal stylet have a circular cross-section £ach of tiie sleeves 80 shown in FIGS. 16 and 17 is for 

only in die bent areas. In the fint instance, the s^let sleeve use witii an inner stylet 84 as &awn in FIG. 18. The inner 

diannel is devised witii a non-drcular cross-section only at 20 g4 ^ p|Q, 18 has a section 85 witii a circular 

the location at which compensating must be made fcr the cross-section, and a distal end section 86 with a non-circular 

flexural moment exerted by the stylet on the sunounding cioss-scction. In this embodiment, the distal end section 86 

stylrt sleeve when the stylet is inserted into the sleeve. of tiie inner stylet 84 is longer than the length of die 

HGS. 11 and 12 show a first alternative embodiment of re^)cctivc distal end sections 82 and 82' the two versions 

the sleeve and attendant stylet The stylet sleeve, generally ^ of tiie sleeve 80 shown in FIGS. 16 and 17. Preferably the 

designated 58, in this instance has a longer first sleeve part distal end section 86 of the inner stylet 84 is at least two 

60 and a shoiter second sleeve part 62. The sleeve part 60 is times longer than the length of the distal end sections 82 and 

a circular, cylindrical tube with a circular cross-sectional 82'. 

profile for both tht interior of die tube channel and tiie region R of FIG. 18 of tiie inner stylet 84 is shown 

exterior of the tube. The sleeve part 62 also has a circular, ^ enlarged in FIG. 19, wherein it can be seen thst the section 

cylindrical exterior with a circular aoss-sectional profile, g5 having a circular cross-section has an outer diameter 

the channel's cross-sectional profile being non-dicuiar in (o.d.) of 024 mm. and tiie non-circular distal ta6 section 86 

this instance. is, for example, generally rectangular in aoss-section. with 

The inner stylet generally designated 64, for the sleeve 58 rounded sides, and has a height h of 0.20 mm and a width 

according to FIG. 11 is equipped with a circular, pre-bent w of 0.27 mm. 

distal end section 66 of about die same type shown in FIG. Also in die fourth embodiment shown in FIGS. 16-19, ttie 

4. In ttiis instance, the stylet 64 has a non-circular cross- stylet sleeve 80 is pre-bent in a lateral direction, the section, 

section with die dimensions 0.19 mmx0.30 mm. such as die distal end section 82 or 82', having tiiis pre-bend 

FIG. 13-14 show alternative embodiments of a stylet having a lengdi which is aj^oximately equal to the intended 

sleeve widi an attendant inner stylet in an alternative stylet ^ travel distance of the inner stylet 84 within the channel of the 

unit according to die invention. sleeve 80. The distal end section 86 of the inner stylet 84 has 

In this instance, the stylet sleeve, generally designated 68, a lengdi whidi is at least twice the ieogtii of die aforemen- 

as shown in FIG. 15, is an externally circular, cylindrical tioned travel distance. 

tube but whose internal channel has a aon-circular cross- Although modifications and changes may be suggested by 

section. Here, die diameter of die sleeve 68 is 0.416 mm, those skilled in the ait, it is the intention of the inventors to 

whereas the non-ciicular cross-section of the sleeve*s inter- embody within the patent warranted herecm all changes and 

nal channel is envisaged as being 0.24 mm x034 mm. modifications as reasonably and properly come within the 

The inner stylet, generally designated 70. for the stylet scope of dieir contribution to the art 

sleeve, generally designated 68. according to FIG. 13 and ^ We claim as our invention: 

shown in FIG. 14. hi this instance has a shorter first stylet 1. A stylet unit for use widi an dongate element having an 

section 72 with a non-drcular cross-section, a longer second internal longitudinal channcL said stylet unit being inscrt- 

stylet section 74 widi a circular cross-section and a pre-bent able into a channel of said dongate element to stiffen said 

distal end section 76 with a non-circular cross-section. In elongate element and to bend a distal end section of said 

this instance, die stylet sections 72 and 76 are as both 0.20 elongate element said stylet unit comimslng: 

mmx031 mm, whoeas the stylet section 74 is circular and a flexible, tubular sleeve having a longitudinal channel 

cylindrical with a 0.19 mm cross-sectional diamctCL therein; 

A stylet 70 of the kind shown in FIG. 14 can be made in a stylet inseitable hito said channel of said sleeve and 

a continuous process by means of die manufacturing stages having a distal stylet end section which is pre-bent in a 

illustrated in ISa. I5b. I5c and ISJ. ^ direction in a plane; 

According to FIG. ISa, a circular, cylindrical stylet with said sleeve having at least one longitudinal sleeve section 

a diameter of about 030 mm is made first in which said channel has a non-circular cross-section. 

According to FIG. 15^. a pah of separate stylet segments, and having a distal sleeve end pre-bent in said plane in 

540 mm long with a cross-sectional diameter of 19 mm, are an opposite direction to said distal end stylet section; 

ihcn processed (ground down). 6S and 

According to FIG. 15c, the parts of the stylet which still said st^et having at least one longihidinal stylet section 

have a diameter of 0.30 mm are dien worked until these parts with a non-circular aoss-section. die non-circular 
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ax>ss-section of $aid styl^ section being marrhed to the 
noD-drcular cross-section of said sleeve section for 
preventing rotation of said stylet io said channel of said 
sleeve while allowing longitudinal nK)vement of said 
stylet within said diaonel of said sleeve. 

2. A stylet unit as claimed in claim 1 wherein said sleeve 
has a fint longitudinal sleeve section having a circular 
aoss-section, followed in the longitudinal direction by a 
second longitudinal section comprising said longitudinal 
sleeve section with a non-circular cross-section, and wherein 
said stylet has a non-circular cross-sectioo along substan- 
tially an entire length of said stjdet 

3. A stylet unit as claimed in claim 1 wherein said channel 
of said sleeve has a non-drcular cross-section along sub- 
stantially an entire length of said sleeve, and wherein said 
stylet has a first longitudinal section wifli said non-circular 
cross-section, followed in a longitudinal direction by a 
second longitudinal section having a circular cross-section, 
followed in said longitudinal direction by a third longimdi- 
nal section having said non-drcular cross-section. 

4. Astylet unit as claimed in daim 1 wherein each of said 
channel of said sleeve and said stylet have said non-drcular 
cross-section along substantiaUy Ihdr entire respective 
lengths for preventing rotation of said stylet in said channd 
of said sleeve along the entire length of said stylet. 

5. A stylet unit as claimed in daim 1 wherein said distal 
sleeve end section has a curved' length encompassing an 
angle less dian 90"". 

6. A stylet unit as claimed in daim 1 ixtoeln said distal 
sleeve end sectloa encompasses an angle less than 45°. 

7. A stylet unit as daimed in daim 1 wherein said distal 
stylet end section is pic-bent with a substantially constant 
bending radius which is substantially less than the bending 
ndius of said distal sleeve end section. 

8. A stylet unit as daimed in daim 7 wherein said distal 
stylet end section has a curve lengtti enconq>assing at least 
360° so that said distal stylet end section forms a closed 
loop. 

9. A stylet unit as daimed in daim 1 wherein said distal 
stylet end section has a curvature radius, a curve length and 40 
a flexural stifihess, and wherein said distal sleeve end 
section has a radius of curvature, a curve length and a 
flexural stiffness, the respective curvature radii, curve 
lengths and flexural stiffnesses of said distal stylet end 
section and said distal sleeve end section counteracting and 
cancelling each other when said stylet is completdy encom- 
passed in said sleeve so that said stylet unit has a straight 
configuration. 

10. A stylet unit as claimed in claim 9 wherein said 
non-drcular cross-section of said stylet is smaller than said 
non-circular cross-section of said channel so that a tolerance 
between said non-circular cross-sections of said stylet and 
said channd of at least 0.02 mm exists. 

11. A stylet unit as claimed in claim 1 wherein said 
non-drcular cross-section of said stylet is smaller than said 
non-drcular cross-section of said channel so that a tolerance 
between said non-circular cross-sections of said stylet and 
said channd of at least 0.02 mm exists. 

12. A stylet unit as daimed in claim 1 wherein the 
respective non-drcular cross-section of said stylA section 



and said sleeve section are sdectod from the group consist- 
ing of concentric ovals, concentric ellipses and regular 
polygons having rounded comers. 

13. A stylet unit as daimed In daim 1 wherdn said distal 
stylet end section has a U*shape when deployed outside said 
sleeve. 

14. A stylet unit as daimed in claim 1 wherein said distal 
stylet end section has a J-shape when deployed outside said 
sleeve. 

15. A stylet unit as claimed in daim 1 wherein said 
longitudinal sleeve secdon is diq>osed at a distal end of said 
sleeve and wherein said longitudinal stylet section is dis- 
posed at a distal end of said stylet, and wherein said 
longitudinal stylet section has a length which is longer than 
a length of said longitudinal sleeve section. 

16. A stylet unit as daimed in daim 15 wherein said 
lengtii said longimdinal stylet section is at least two times 
longer than the length of said longitudinal sleeve section. 

17. A stylet unit as daimed in daim 15 wherein said 
longitudinal sleeve section has a non-dicular cross-section 
along an entirety of its length. 

18. A stylet unit as daimed In daim 15 wherein said 
longitudinal sleeve section comprises at least two spaced- 
apart longitudinal sleeve sub-sections, each of said longitu- 
dinal sleeve sutvsectlons having said non-drcolar cross- 
section. 

19. A stylet unit as daimed in claim 11 wbmln said 
longitudinal sleeve section is pre-bent in said plane along Its 

^ entire lengdi, said length of said longitudinal sleeve section 
being substantially equal to a distance of longitudinal move- 
ment of said stylet in said channel of said sleeve, and said 
longitudinal stylet section having a length which is at least 
twice as long as said distance of longitudinal movement. 

20. A cable and s^let unit combination comprising; 
a hollow electrode cable having a channel therein; 
a stylet unit, inscrtable into said channd in said cable, said 

stylet unit comprising a stylet sleeve having an interiOT 
channd and a stylet movable in said interior channel, 
said channel of said stylet sleeve having at least a 
portion thereof with a non-drcular cross-section and 
said stylet having at least a portion thereof with a 
non-circular cross-section for preventing rotation of 
said stylet in said channel of said stylet sleeve, and said 
stylet having a distal stylet end section which is pre- 
bent in a plane and said sleeve having a distal end; 
a contact electrode disposed at a distal end of said cable; 
and 

said cable having a straight cable section and a distal end 
section fanning a fish hook-like shape when said stylet 
unit is inserted as far as possible into said channd of 
said cable and said distal stylet end section has been 
dei^oyed beyond said distal end of said sleeve in said 
channd of said cable, and said contact electrode being 
disposed substantially paraUd to said straight section of 
said cable. 
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